Recently there has been interest in the correlation between R(D * ) and the branching ratio (BR) of B − c → τν in models with a charged scalar H ± . Any enhancement of R(D * ) by H ± alone (in order to agree with current data) also enhances BR(B − c → τν), for which there has been no direct search at hadron colliders. We show that LEP data taken at the Z peak requires BR(B − c → τν) 10%, and this constraint is significantly stronger than the recent constraint BR(B − c → τν) 30% from considering the lifetime of B c . In order to respect this new constraint, any explanation of the R(D) and R(D * ) anomaly in terms of H ± alone would require the future measurements of R(D * )
I. INTRODUCTION
The B c meson is the ground state of a quarkonium system that is composed of a c and a b quark. Prior to the operation of the LHC there were only a few measurements of its properties from Tevatron data [1] [2] [3] [4] [ [5] [6] [7] or by supersymmetric particles with specific R-parity violating couplings [8, 9] .
The potential of the B c meson to constrain the properties of new physics particles has attracted renewed attention recently. It was shown in [10] [12] [13] [14] . This was first pointed out in [6] , and in an earlier work [7] we showed that a signal for the sum of the processes B − u → τν and B − c → τν might be observed if the L3 collaboration (which had the strongest limits [12] from the LEP collaborations) performed the search with their full data sample. A crucial input parameter for the detection prospects of B − c → τν is the transition probability (denoted by f c ) of a b quark hadronising to a B c .
In [7] the value of f c was obtained (with sizeable errors) from early Tevatron measurements.
Building on the analysis of [7] , we first obtain a much more precise evaluation of f c from measurements of B c production/decay with the full Tevatron data [15] and from LHC measurements [16] [17] [18] [19] . We then derive a formula for the bound on BR(B − c → τν) from LEP data, which was not obtained in [7] . The bound can be expressed in terms of experimentally determined quantities and just one theoretical input parameter, which is the BR of B − c → J/ψ ν. Guided by recent lattice QCD calculations of the form factors for B − c → J/ψ ν, we present the preferred range for its theoretical BR. We then obtain a bound on BR(B − c → τν) that is considerably stronger than the bound in [10] from considering the lifetime of The LEP searches for B − u → τν with data taken at √ s ∼ 91 GeV (the "Z peak") [12] [13] [14] were sensitive to τν events originating from both B − u → τν and B − c → τν [6] . Hence the published limits constrain an "effective branching ratio" defined by:
This expression applies to all searches for B 
Substituting for N c /N u in eq. (1) gives rise to following expression for BR(B − c → τν) in terms of BR eff :
Here BR(B − u → τν) = (1.06 ± 0.19) × 10 −4 , which is the world average [20] of BABAR and BELLE measurements. The L3 collaboration obtained the bound BR eff < 5.7 × 10 −4 [12] .
If f c /f u is known then a bound on BR(B In the Tevatron Run I and II the following ratio was measured:
Tevatron Run I data with 0.11 fb −1 gave the result R = 0.13 ± 0.06 [1] . Tevatron Run II data with 0.36 fb −1 gave R = 0.28±0.07 [3] , and this measurement was used in the analysis of [7] when extracting f c /f u . Recently, using the full CDF Run II data (8.7 fb −1 ) the result R = 0.211 ± 0.012 ± 0.021 was obtained [15] . The transition probability f c determines σ(B c ) and several theoretical calculations are available for BR(B − c → J/ψ ν) [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . The LHC collaborations have not yet measured R directly. However, two related ratios have been measured, from which a measurement of R can be obtained. The ratio R π/K is defined as:
The measurements at CMS with √ s = 7 TeV and 5 fb −1 [16] , LHCb collaboration with √ s = 7 TeV and 0.37 fb −1 [17] , and LHCb collaboration with √ s = 8 TeV and 2 fb −1 [18] have been averaged in [20] , with the result R π/K = (6.72 ± 0.19) × 10 −3 . The ratio R π/µ is defined as:
The measured value at LHCb with √ s = 7 TeV and 1 fb −1 is R π/µ = 0.0469 ± 0.0054 [19] .
Now the ratio R π/K in eq. (5) can be written as:
Hence R can be extracted from the LHCb measurements of R π/µ and R π/K . One obtains
Since σ(B c )/σ(B u ) = f c /f u then from the definition of R one has:
Here BR(B − u → J/ψK − ) = (1.028 ± 0.04) × 10 −3 . Using the measured values of R from the Tevatron and LHC gives the following expression:
In Fig. 1 We now substitute the expression for f c /f u in the expression for BR(B − c → τν) in eq .(3). Using BR eff < 5.7 × 10 −4 [12] , and the Tevatron/LHC data for f c /f u in eq. (10) one obtains the expression:
Here the error is from B u , BR(B − u → J/ψK − ) exp and R , which can be seen from the explicit formula:
Various theoretical calculations for BR(B − c → J/ψ ν) are available [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . In Table II we present the bounds on the ratio R defined by ( 
Here F = [F (q 2 = 0), F (q 
III. IMPACT ON H ± INTERPRETATION OF R(D), R(D * ) ANOMALY
The following ratios R(D) and R(D * ) are defined as follows:
The current world averages [35] of their measurements at BABAR [36, 37] , BELLE [38] [39] [40] and LHCb [41] are:
The predictions in the SM for R(D) [42, 43] and R(D * ) [44] are given by:
The above measurements of R(D) and R(D * ) exceed the SM predictions by 2.3σ and 3.4σ
respectively. Taking into account the R(D)-R(D * ) correlation, the deviation with respect to the SM prediction is 4.1σ. Consequently, there have been many works that explain this deviation by invoking the contribution of new physics particles. One such candidate particle is H ± , which is predicted in many well-motivated extensions of the SM e.g. models that contain two or more SU (2) ⊗ U (1) scalar doublets (which includes supersymmetric models). . As discussed in [7] , the best prospect for observing the decay B c → τν is a period of operation of an e + e − linear collider at √ s ∼ 91 GeV. We note that the L3 limit [12] only used 40% of the available data taken at √ s ∼ 91 GeV. If the full L3 data sample were used, the limit BR eff < 5.7 × 10 −4 could be improved, or even evidence for first observation of B − c → τν could be obtained. As shown in Fig. (2) , the strongest bound on BR(B − c → τν) is 3%, which is just above the SM prediction of ∼ 2%. In Fig .(4) might be reached if L3 used all the data taken at √ s ∼ 91 GeV. From Fig .(4) it can be seen that this limit is close to the value of BR eff that is obtained for a SM-like value (≈ 2%)
It has been shown that an H
for BR(B − c → τν).
IV. CONCLUSIONS
As discussed in [6, 7] , LEP data taken at the Z peak constrained a combination of the decays B c → τν at the LHC are challenging. However, as stressed in [7] , a stronger limit on BR(B − c → τν) (or even first observation of this decay) could be obtained if the L3 collaboration used all their data to update the limit in [12] (which used ∼ 40% of the available data). Operation of an e + e − linear collider at the Z peak would have sensitivity to the SM branching ratio of B − c → τν.
